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NACA kCR No. L5G18 

NATIONAL ADVITORY COI4IMITTEE FOR AERONAUTICS 

TESTS CF' AiRFOIES I!\J CASCADE 

By CharleG lqT. Zinaey and Viola IJ .  Lappi 

SUMXARY 

A s  2 p a r t  of a prog?&ix o f  the  X A C k  dl.rected toward 
Lncreasfng the  e f f i c i ency  of coxpreseors 2nd turbines ,  
data were o b t a h e d  for app l i ca t i on  t o  the design of  
entrance vanes f o r  axfax-flow compressors or turbines.  
A se r les  of blower-b?ade sect lons  with r e l a t i v e l y  high 
c r i t i c a l  Ppeeds !lave been developed f o r  turcring a i r  
e f f f c f e n t l y  f m m  0" t o  80' sbai-ting w.v.fth zin a'xi.al d i rec-  
t i o n .  T e s t s  were XE:&E? o f  f f v e  XACA 65.-series blower 
blades (modiffed BJACA 65(21E) -010 a i r f o l l s )  an6 of f o u r  
experfmmta l l y  d e  s Lgn'ed b 1 o m r  5 lade s i n  a s t a t f cm. ry  
cascade a t  Jov  Vach rLuz&crs. The turning e f fec t iveness  
and the  press:ire dLs t r i bu t ions  o f  these blade sec t ions  a t  
various angles o f  a t t a c k  were evaluated over a range of 
solidft2es near L .  '%.trance-vane design c h a r t s  aye 
presented that give a blade s e c t b i i  end ar-gle of a t t a c k  
f o r  any desired? turning angle, T h e  Glades thus obtained 
o2erate vrith peak-frce pressure 6Astr ibutions.  Apyiroxi- 
mate c r f t f c a l  Mach mxi:3ers were ca lcu la ted  f r o m  the  
pi.essure c!is trri.butfdns. 

Previous i nves t iga t ions  of a i r f o i l s  i n  a cascade 
( re fe rence  1) have attempted t o  sixulate f low condit ions 
through a r o t o r  o r  a s t a t o r  involving a px-essure rise, 
The presen t  i nves t iga t ion  has beevl nade t o  provide 
information concerning the  flow through. entrance vanes 
involving a pressure  drop. -14  pressure rise' from the 
leading edge t o  t he  t r a i l i n g  edge i s  accompanied by a 
reductim of veillocity r e l a t i v e  t o  -the blades,  whereas a 
pressure  drop Es accorqanied by an iricreaze i n  ve loc i ty  
r e l a t i v e  t o  the b lades .  The object  of entrance-vane 



design i s  t o  turn t he  i n i t i a l  a i r  through a spec i f l ed  
anf'le with a min i im im o f  l o s a @ n .  It seeme l i k e l y  t ha t  
c r i t i c a l  speed.a coul6: be -  increased anC! b6undary-lager 
l o s s e s  decrcased by elSmir.,at;lulg vcl .ocl ty penke;  t e s t s  . 
were ci)nsequcntly made Cor tiuio eeAq_isa o f  b l a d e s  t o  
0btaj.n a ranee of' tw,rming ang.1.e f o r  a given blade sect tor ,  
while rnulntaining a presPurs d i s t r i b u t i o n  without peaks, 
i h e  t e s  t s  ~ a d e  in a two-2imensional low-speed 
cascade tanix?l a t  the  L a r g l e  jF ?!emori.al keronuu Lical. 
Laboratory and a r e  a p a r t  oi' t;ha ITACA program t 9  increase  
the e.fi'fcj,ency of  compressosn and tu rb ines .  
oi' tkle i n v e s t i p a t i o n  was t o  develop ef f ic , j . en t  $lades 
Dperati j ig a t  O* s tagger  t..hat would trm.rl the alr t h r c u g h  
a.ng1 es from (>* t o  8Og". 

m 

The purpose 

5lW3CT,,s 

a angle : ~ f  a t t ack ,  the u q ~ ; l e  S e t w e e n  the i n i t i a l  

ad d e s i p  angle  of attack of b l w c r  blade i E  cascade 

. a i r  anG t h e  C l i l Q P d  1Tne of' the blower blade 

local. dynamic pr s..uye ,- L1 '0 

h 
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TABLE I 

0 - 726 -. 1354 
-I. 069 
-1 0 477 
-2 0 063 
-2.496 
-2.1353 
-3 * 410 
-3 620 
-4.122 
-4.358 
-4.4.67 
-4*521 
-4.481 
-4 31.8 
-4 G22 
-3.615 
-3 0 1.12 
-2 0 E.52 
- 2 .  C0:3 
-1 449 
- q.3-15 - 491 - 196 
- 0 150 
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'TABLE IV 

Oiij,DZ",Shr;EC; FOR iJACA 6 5 - P l O  BJ-OOWZfi BLADE 

Y 

.._ -- 

Lower e u r f a c e  

-- 
h - 

9 
* 740 

1 ., 014 
Io 551 
2 0 157 
5 0 409 
7.928 
19 Y 4.31 
15 0 411 
20.971 
25.319 
23.2630 
35 196 
43 n 130 
45,C64 
50 000 
5'1 0 942 
59 * 893 
5% D E57 
E 3  636 
74.823 
'79 0 838 
84.  E63 
89 e E96 
94.955 
99 0 s52 

I_-----II 

0 
- 513 - 5'70 
- - 6 5 4  - (I '786 
- * 920 - * 979 

-1,013 
-1 0 031 
-1 e 03.8 - e979 - ,929 - E358 - e 7'73. 
-*649 - .4 56 - ,.j..9G 

0 134 
496 

e354 
1,135 
1.. 344 
1 * 449 
1 326 

e 916 
- 0 1-42 

. 

L.E. raciius: O.EE6 
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18 NACA ACR NO. L5G18 

TABLE VI11 

0RDI:'i'kTES POP,  YACA 64- { B) 06 ELO~VL'R BLADE 

[5t;at:l&s and o r d f c a t e s  in pe rcen t  of chord) 

X 1 

i 

I 
j 
1 

I 
I 

I 

I 
i 
! 
I 
f 

I 

I 

i 
1 

I 
i 
l 

0 
c 

1 3  

0 75 
2. a 2 5  
2 0 E 
L G  
' I  D 5 
10 
2.5 
2r3 
2 5  
30 
35 
40 
4 5 
50 
55 
6C 
65  
70 
75 
80 
85 
90 
95 
10 0 

Y 

0.79 
1,32 
2 .24  
2.97 
4043 
6,56 
c ,29  
3 0 58 
1'1 0 <51 
1.2 D 90 
1:s 0 95 
12.'7C/ 
15 e l i  
15 0 26 
15 0 16 
14 '17 
1.4 0 12 
23.21 
12 03 
1-3. G3 
5.14 
'7.61 
5*91 

2.13 
1.6 

4. oa 

X 

0 
s 5  
9 75 

1*25 
2.5 
5 .0  
7 . 5  
10 
15 

. 2 0  
25 
3@ 
35 
4C 
45 
50 
55 
60 
65 
70 
75 
80 
E5 
90 
95 
10 0 

L o E o  radius: 0.274 

Y 

0 - * 02 
* 07 
0 35 

1. 0 14: 
2.66 
3.88 
4.82 
6,18 
7.13 
7,836 
13.40 
8975 
8993 
8 - 9 8  
8.93 
3.71 
3.29 
7 * 6 3  

6.01 
I 5.14 

4.12 
2.88 
1.44 
- a 1.9 

6 a3 

- 
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X 

0 
.5 
* 75 

1.25 
2 50 
E.00 
7.50 

10 
1- 5 
LO 
25 
c"0 
7 5  
40 
4 5  
5c) 
55 
6 cr 
E5 
70 
"5 
60 
€35 
90 
95 

1 c l O  
I ;---...-.----- 

I 

1.9 

- - --...---_ 
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ORCIPTATES FOE XkCk 64- (D) 06 BLOUER BLADE 
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TABLE XI 

E 5 -I 1.0 
1 
i 
I 65-110 

65-110 
65-210 

I 
1 

65-210 
E 5 -- 2 10 
E 5 - 4.10 
65-41-0 
6 5 - 41.0 
6 5 "- CC., 10 
6 5 -" F? LO 
6 5 - G1.3 

65-( 12) 1C 
65- (12) 10 

65- (12) 10 
6 i- ( A) OG 
64-  (A) 06 
54- (U) 06 
64- (I?) 06 
64- I C )  96 
64- (C) 06 
64- (0) dG 

21 

SERS 33ASED ON MEAN VELOCITIES 

0.70  

e 79 

.67 

.64 

* 6% 

54 
0 55 
0 54 
0 51 
46 

0 45 
Very low 
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NACA ACR No. L5G18 ' .  Fig. 2 

Chord 
' ,  

Tangent 
\ 

NAGA 65-110 

NACA 65-210 

NACA 65-410 
,- Chord 

NACA 65-810 

Figure  2.- NACA 65- aer ies  blower-blade s ec t i ons .  



N A C A  ACR No. L5G18 Fig. 3 

, 

1 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 3.-  Mean lines obtained from t e s t s  of f lex ib le  
p la tes  i n  cascade. 
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Fig. 4 N A C A  ACR NO. L5G18 

L C h o r d  l ine 

NACA 64- ( c  106 

F==" ___- - - - -  L-CGrT l ine 

NACA 64- (D) 06 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

Figure 4.- Experimentally designed blower-blade sections; 
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NACA ACR No. L5G18 

, 

Fig. 5a,b 

(a) Vector diagram defining mean velocity. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

(b) Flow thpough a cascade of a ir fo i l s  a t  00 stagger. 

Figure 5.- Diagrams of f l o w  through a cascade. 



Fig. 6 NACA ACR'NO. L5G18 
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Figure 6.- Section pressure d i s t r ibu t ions  for NACA 65-110 blower blade; 
stagger, Oo; so l id i ty ,  0.88; no ad. 
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Figure 7.- Section pressure dis t r ibut ions f o r  NACA 65-110 blower blade; 
stagger, oo; so l id i ty ,  1.00; no ad. 
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Figure 8.- Section pressure d i s t r ibu t ions  for NACA 65-110 blower blade; 
stagger, Oo; so l id i ty ,  1.50; no q. 
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Figi re  9.- Section pressure d is t r ibut ions  
stagger, Oo; sol id i ty ,  0.88; 

for NACA 65-210 
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Fig. 9 
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F i w e  10.- Section pressure d i s t r ibu t ions  for NACA 65-210 blower blade; 
stagger, Oo; so l id i ty ,  1.00; = 4018'. 

, 



N A C A  A C R  No. L5G18 

o 20 40 60 80 loo 
Percent chord 

Fig. 11 

p2 

P2t 

a = 2O181 ~ 

8 = !c0368 
0 

o 20 40 60 80 100 
Percent chord 

o Convex surface 
+ Concave surface 

2.5 

2.0 

'7 q 90 

1.0 - 
p1  

-5 

0 

p2 

P2t 

e = 80231 I I 
o 20  40 60 80 100 

Percent chord 

p2 

o 20 40 60 80 loo 
Percent chord percent chord 

NATIONAL ADVISORY 
COHHITTEE FOR AERONAUTICS 

Figure 11.- Section pressure dis t r ibut ions for NACA 65-210 blower blade: 
stagger, Oo; so l id i ty ,  1.50; ad = 40188. 
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Fieure 12.- Section pressure dis t r ibut ions fo r  NACA 65-410 blower blade; 
stagger, 0'; so l id i ty ,  0.88; = T003 ' .  
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Figure 13.- Section pressure dis tnibut ions for NACA 65-kio blower blade; 
stagger, Oo; so l id i ty ,  1.00; ad = 7O03'. 
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Figure 14.- Section pressure dis t r ibut ions  for XACA 65-kio blovsr blade; 
stagger, 0'; sol idi ty ,  1.50; ad = 80031. 
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Figure 15.- Section pressure dis t r ibut ions for NACA 65-810 blower blade; 
stagger, 00; so l id i ty ,  0.88; ad = 110391. 
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Figure 16.- Section pressure d i s t r ibu t ions  f o r  NACA 65-810 blower olnde; 
stagger, oo; so l id i ty ,  1.00; Ud = 11O39'. 
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Figure 17.- Section pressure dis t r ibut ions for ?1ACA 65-810 blower blade; 
stagger, Oo; so l id i ty ,  1-50: ad = 13059'. 



Fig. 18 NACA ACR No. L5G18 

o Convex surface + Concave surface 

p2 

I 

~-~~ 
0 

o 20 40 60 a0 100 
Percent chord 

2.0 

0 

p2 

P2t 

0 20 40 60 80 100 
Percent chord 

< 
2.0 

1.5 
4 q  p2 

1.0 p2t 

/ 

P 

* 5  
w 

0 
o 20 40 60 80 loo 

Percent chord 

p2 
P2t 

0 20 40 60 80 100 
Percent chord 

2.5 

2.0 

1.5 
4 q 0  p2 p2 
1.0 P2t P2t 

P 

95  

0 I 1  e = 20015 I 1 
o 20 40 60 a0 loo o 20 40 60 80 loo 

Percent chord NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Percent chord 

Figure 16.- Section pressure distributions f o r  NACA 65-(12)10 blower blade; 
stagger, 00; solidity,  0.68; = 160081. 
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Figure 19.- Section pressure distributions for NACA 65412)io blower blade; 
stagger, 0'; solidity, 1.00: = 16O081. 
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Figure 20.- Section pressure distributions for NACA 65-(12)io blower blade; 
stagger, Oo; so l id i ty ,  1.50; ad = 18O081. 
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F i g u r e  21.- S e c t i o n  p r e s s u r e  d i s t r i b u t . i o n s  for e x p e r i m e n t a l l y  des igned  
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Figure 22 .- Section pressure d i s t r ibu t ions  for experinentally designed 
blower blade NACA 64-(A)06; stagger, 00; so l id i ty ,  1.465; 
range of ad, 210 t o  330. 
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Figure 22.- Comluded. 
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Figure 23.- Section pressure d i s t r i b u t i o n s  for experixcentally designed 
blower blade NACA 64-(B)06: stagger, Oo;  s o l i d i t y ,  0.955: no 
recommended design condition. 
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Figure 24.- Section pressure dis t r ibut ions fo r  experimentally designed 
blower hlade NACA 6 4 - ( ~ ) 0 6 ;  stagger, 00; so l id i ty ,  1.435; 
range of ad, 260 t o  380. 
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Figure 25.  - S e c t i o n  pressure  d i s t r i b u t i o n s  for exper imenta l ly  des igned  
blower b lade  N A C A  64- (C)06:  stagger, O o :  s o l i d i t y ,  0.932; no 
recommended d e s i g n  c o n d i t i o n .  
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Figure 26.- Section pressure dis t r ibut ions  for experimentally designed 
blower blade NAgA 6k-(c)06; stagger, Oo; so l id i ty ,  l.4OO; 
range of adt 32 to lik@. 
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Figure 27.- Section pressure distributions for  experimentally designed 
blower blade NACA 64-(n)O6; stagger, Oo; sol idj ty ,  1.337; 
range of ad, 440 t o  61e. 



Fi g. 27 Conc. NACA ACR NO. L5G18 

6.0 

5.5 

5.0 

4 * 5  

7.0  

2.5 * 

2 .o 

-5 

0 
p l  

6.0 

5.5 

4.5 

4.0 

3.5 

3*0 

2.5 

2 .o 

95 
P1 
0 

- P2% 

o 20 40 60 80 100 
percent chord 

p2 

0 90 40 60 80 100 
Percent chord NATION 

COMMITTEE 

o Convex surface 
+ Concave surface 

Figure 27.- Concluded. 



& 
i 

Fig. 28 N A C A  ACR No. L5G18 

6 40 

28 

L4 
0 
k a 

12 

8 

4 

\ 

Figure 28.- Theoretical pressure drop through a cascade at 
00 8 ,agger. 



F i g .  29 N A C A  ACR No. L5G18’ 

Anyk of crffacK, oc-, deg 
figure? 29.- Angle tbt-ougb’ which the air 15 fumed 

in ~CY.S.SJTI~ fhrough a cascade. NACA 65-ser/es \I 

blouer- blade sec f/o/75; 5 tagger, o,”sol/dif--, 088 
(Cross bar  indtcates design pain4 whd 
//ne /ndicates range of peaK- f ree  
presswe d is f r  ibu ?ions.) 



F i g .  30 N A C A  A C R  No. L5G18 



I Fig. 31- WACA ACR No. L5G18 

\ 

I 



N A C A  ACR No. L5G18 F i g .  32 

I '  

b 

P 

0 64-(D)O6 L337 
0 64-/Cl06 1.400 
0 64--(0)06 1.435 
A 64-(AJ06 /.465 
V 64-(c)o6 0.932 
3 64- (BJ06 0.955 

20 25 30 35 40 45 50 55 60 65 
AnglQ o f  affac/c,aC, deq 

F/yff/ve 32 . -  Des /qn  c h a r f  of e x  erimen#a//y 
derwed b/ower-b/ade sect ion sp a f  oo 
s f'agqer. Oohd hnes /ndica#e recornmendm 
tu/ I, ng cmy/2?s.i 



F i g .  33  N A C A  ACR No. L5G18 

Design /i f f  coe fflcienf, czd 

a -  

+ 

1 

t 

\ 


